SUMMARY The cerebellar, retinal, and one of the spinal haemangioblastomas in a case of von Hippel-Lindau syndrome were studied by immunocytochemistry and electron microscopy. The tumours were positive for neurone specific enolase and variably positive for somatostatin, pancreatic polypeptide, and bombesin. Electron microscopy of the cerebellar tumour showed secretory granules with an average diameter of 170 nm. This report is believed to be the first description of neurone specific enolase positivity and polypeptide hormones within the intervascular cells of haemangioblastomas. In the light of these findings it is suggested that haemangioblastomas are tumours of neuroectodermal origin, derived either from neural or neuroendocrine cells.
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Haemangioblastomas are rare tumours which are classically found in the cerebellar hemispheres, although they may also occur in the vermis, spinal cord, medulla oblongata, cerebral hemnispheres, and retina. The association of retinal, cerebellar, and spinal cord haemangioblastomas with phaeochromocytomas, renal and hepatic cysts, pancreatic islet cell tumours,' 2 renal cell carcinomas, and testicular cystadenomag is recognised as the von Hippel-Lindau syndrome.34 This is a rare condition which is believed to be inherited in an autosomal dominant fashion with variable penetrance.
The histogenesis of these tumours remains obscure despite much speculation and an abundance of ultrastructural and immunocytochemical studies.
Endothelial,56 glial,' and meningeal8 origins have at various times been suggested for these tumours, although firm supportive evidence has not been forthcoming.
In view of the other endocrine associations of the von Hippel-Lindau syndrome, several haemangioblastomas from a patient with this condition were studied with electron microscopy and immunocytochemistry using antisera to neurone specific enolase and selected polypeptide hormones. (Fig. 1 inset) , while three quarters of the cells showed strong granular cytoplasmic staining with the antisera to somatostatin and bombesin and half of them showed granular cytoplasmic staining with the antiserum to pancreatic polypeptide.
Spinal haemangioblastoma About a third of the intervascular cells showed strong diffuse cytoplasmic staining for neurone specific enolase, with a similar proportion exhibiting strong granular cytoplasmic immunoreactivity to somatostatin and bombesin (Fig. 2 inset) . No staining was seen with the antiserum for pancreatic polypeptide. In each case the cytoplasmic immunoreactivity when present outlined the lipid vacuoles within the intervascular cells. ELECTRON 
MICROSCOPY
The preservation of the tissue was poor owing to the initial formalin fixation. Membrane bound electron dense granules with an average diameter of 170 nm were observed, however, within about a quarter of the intervascular cells (Fig. 3) .
Discussion
The histogenesis of the cerebellar haemangioblastoma remains controversial despite the abundance of work and speculation on the subject. At various times a vascular, reticuloendothelial,'2 meningeal, glial, or neuroectodermal'3 14 origin has been proposed for these tumours. The immunocytochemical findings in this case of von Hippel-Lindau syndrome support a neuroectodermal origin.
The demonstration of cytoplasmic neurone specific enolase immunoreactivity in the intervascular cells of all three haemangioblastomas studied from this case of von Hippel-Lindau syndrome is, as Ismail, Jasani, Cole far as we are aware, the first time this enzyme has ever been noted in haemangioblastomas. Neurone specific enolase is an isoenzyme of the widely distributed dimeric enzyme 2-phospho-D-glycerate hydrolase, commonly referred to as enolase. Enolase has three immunologically distinct subunits designated a, ,8 and y; five types of isoenzyme, the three homodimers (aa, ,8,3, yy) and two hybrids (a (3, aoy) , have been identified.'5 The enzyme commonly referred to as neurone specific enolase is yy enolase and is found in central neurones,'6 peripheral autonomic nerves,'7 and cells of the diffuse endocrine system.''-'9 Neurone specific enolase has also been shown within rat and rhesus monkey pinealocytes, pituitary cells, and hypothalamic neuroendocrine cells. Our finding of neurone specific enolase immunoreactivity in the haemangioblastomas studied therefore suggests that these lesions are of neural or neuroendocrine origin.
In addition, this study has shown variable cytoplasmic positivity to selected polypeptide hormones within the intervascular cells of the haemangioblastomas examined. Somatostatin, bombesin, and pancreatic polypeptide were selected for this study because the first two are established neuropeptides202' and the last has recently been found in neurones of the human cerebral cortex.22 Our finding of cytoplasmic immunoreactivity to these hormones within the haemangioblastomas examined suggests that a primitive peptidergic neurone may be the cell of origin of the haemangioblastoma. This conclusion is given some support by the fact that all the spinal haemangioblastomas in this case occurred in the dorsal nerve roots. Previously reported cases23 of cerebellar haemangioblastoma accompanied by spinal haemangioblastomas have sought to explain the latter as metastases; however, the occurrence within the dorsal nerve roots of all the spinal haemangioblastomas makes this explanation unlikely in our case. It is therefore suggested that these tumours occurred in the posterior nerve roots because they originated from structures within the dorsal root ganglia, possibly primitive peptidergic neurones.
The The demonstration of immunoreactivity for several polypeptide hormones within intervascular cells of the same haemangioblastoma requires some discussion. We have not in this study sought to establish whether the hormones occurred in the same or in different tumour cells. The occurrence of more than one neuroactive substance in a single neurone is, however, a well known phenomenon both in humans and other mammals.2229 Our findings are therefore entirely in keeping with the suggested origin of the haemangioblastoma from a primitive peptidergic neurone. The multiple haemangioblastomas seen in the von Hippel-Lindau syndrome presumably represent multifocal neoplasia. The presence of multiple hormones within a single tumour cell could then be explained on the basis of derivation from a primitive cell with the ability to secrete several polypeptide hormones. Another possibility that should be considered is that of multinodular hyperplasia with a polyclonal cell population within each haemangioblastoma.
It may be that the multiple haemangioblastomas found in the von Hippel-Lindau syndrome arise from nests of primitive neural cells which persist into adult life after disturbed embryonic development. Further work is required to confirm or refute the existence of such a precursor lesion, to elucidate the nature of the ultrastructurally observed secretory granules, and to define further the cell of origin of this most enigmatic tumour.
